SUMMARY
INTRODUCTION
Several studies have indicated the importance of the medial preoptic area (mPOA) in the regulation of body temperature (Tb) and sleep-wakefulness (S-W) (Nauta, 1946; McGinty & Sterman, 1968; Boulant, 1980; Asala et al., 1990; John & Kumar, 1998) . Local warming of the preoptic area (POA), results in panting and sweating, whereas lesion of this area results in the elevation of Tb. (Magoun et al., 1938; Anderson et al., 1965) . The importance of the mPOA in thermoregulation was shown by a study in which the destruction of the neurons of this area in rats, by local injection of NMDA, produced a long-lasting hyperthermia and an increase in the range of thermostat setting (Kumar & Khan, 1998) . On the basis of transection studies, Nauta (1946) showed the importance of the POA for 'the capacity of sleeping' in rats. Later studies showed that the selective destruction of mPOA neurons produces a long-lasting insomnia with marked reduction in the deeper stages of sleep, including rapid eye move- (C) 2003 Freund & Pettman, U.K. ment (REM) sleep. The reduction in the duration of sleep episodes in the lesioned rats indicates the role of the mPOA in sleep maintenance (John et al, 1994; John & Kumar, 1998) .
The mPOA has a rich noradrenergic innervation (Anden et al., 1966; Palkovits et al., 1974; Swanson & Hartman, 1975) , and such fibers have been implicated in the regulation of Tb and S-W (Panskepp et al., 1973; Kumar et al., 1993 , Ramesh & Kumar, 2000  Kumar, 2003b) . Iontophoretically applied norepinephrine (NE) causes alterations in the firing rates of sleep-active and waking-active neurons of the POA (Osaka & Matsumura 1994 . Thermosensitive neurons of the preoptic area are sensitive to the microelectrophoretic application of NE (Hori & Nakayama 1973; Hori et al., 1982) , and their in vitro activity is modulated by NE (Sun et al., 1997) . Moreover, histological studies showed a moderate level of c adrenergic receptors, a diffuse distribution of c receptors, and a low density of 13 receptors in the POA (Palacios & Wamsley, 1983; Unnerstall et al., 1984; Nicholas et al., 1993; Scheinin et al., 1994) .
Norepinephrine, when injected into the POA, induces hypothermia (Feldberg and Myers, 1965; Poole & Stephenson, 1979; Datta et al., 1985; Mallick et al., 1988) . The results of studies using alpha and beta blockers indicate the possibility that this hypothermic response is mediated through a adrenergic receptors (Datta ct al., 1985 (Datta ct al., , 1988 . As the 2 agonist cionidine did not produce any change in Tb, the authors suggested that the hypothermic response is mediated through (z adrenergic receptors (Ramesh & Kumar, 1998) .
No change was observed in rectal temperature when 5-50 tg of methoxamine, an ot agonist, was injected in the anterior hypothalamic, preoptic area of cats (Myers et al., 1987) or when lag/laL of the same drug was microdialyzed into the POA of guinea pigs at the rate of 2 tL/min for 3 h (Quan et al., 1992) . On the other hand, the administration of 2 lag methoxamine into the mPOA of rats produced a fall in Tb (Mallick & Alam, 1992 (Ramesh et al., 1995) . Kumar and coworkers (Kumar et al., 1993; Ramesh & Kumar 1998) suggested that the normal postsynaptic action of NE at the level of the POA was to induce sleep and that it might be mediated by postsynaptic t adrenergic receptors. On the other hand, local injection of 2 tg methoxamine induces increased wakefulness (Mallick & Alam, 1992 (Kent & Satinoff, 1990) . The injection of drugs into the POA can also produce changes in Tb and S-W, which are not interdependent (Datta et al., 1987; Ticho & Radulovacki, 1991 (1959) atlas, were also implanted, as described before (Kumar et al., 1984; Datta et al., 1985 ) (see Fig. for (Blechova & Pivodova, 2001 ). Bilateral injections (0.2 tL) were given at a rate of 0.1 tL/min, using an injector cannula made up of 30G stainless steel tubing. Each animal was given one bilateral injection. All injections were made at the same time (12:00 h) to avoid the effect of circadian variation in the results. In Group animals, S-W and Tb were continuously recorded from 10:00 h to 15:10 h, 2 d before the injection of aCSF (time control).
The S-W recordings were classified as active wakefulness (W), quiet wakefulness (W2), light slow-wave sleep (S), deep slow-wave sleep ($2), and REM, using the criteria mentioned in earlier reports (John et al., 1994 (Fig.  2) .By the end of the 3 h, the mean Tb Of the animals was 38.61 + 0.55C. The hyperthermia observed after the injection of aCSF into the mPOA was similar to that seen in earlier reports (Romanovsky et al., 1993; Zhang et al., 1999 Data are mean + S.D. * P < .05, **P < 0.01 significance for Tu compared to aCSF recordings. *P< 0.05, ;P < 0.01 significance for wake period compared to aCSF recordings. (Quan et al., 1988) . As cytokines and prostaglandins are released in response to brain injuries (Rudy et al., 1977; Woodroofe et al., 1991) , the rise in Yb after injection of vehicle (aCSF) could be due to tissue injury and release of these mediators (Rudy et al., 1977; Walter et al., 1989) . The increase in sleep seen in one bin after 30 min of aCSF injection might have been produced by cytokines and/or prostaglandins (Hayashi, 1988; Walter et al., 1989; Krueger and Takahashi, 1997 (Poole & Stephenson, 1979) or to a decrease in heat producing mechanisms (Mallick et al., 1988) . Phenylephrine, an (z agonist, when microinjected into the POA, elicits hypothermia by suppressing shivering and peripheral vasodilation (Rudy & Wolf, 1971) . But methoxamine microdialyzed into the mPOA did not cause any change in skin temperature (Quan et al., 1992) . Thus, the hypothermia induced by methoxamine might be due to a decrease in heat production. Also suggested is the possibility that NE afferents, which synapse on the temperature regulatory neurons, are activated when heat loss mechanism is to be initiated (Kumar, 2003a) .
Medial preoptic injection of methoxamine on S-W Although all the three doses of methoxamine produced prolonged hypothermia, they did not produce any major change in S-W. This result contradicts that of an earlier report (Mallick & Alam, 1992) (Hernandez-Peon & Chavez-Ibara, 1963; Datta et al., 1984; Kumar et al., 1993) . After the destruction of NE fibers, locally injected NE can act only on postsynaptic receptors (Kumar et al., 1993) . Postsynaptic NE receptors are mainly the t type (Langer, 1974 (Kumar et al., 1993; Ramesh et al., 1995) . Also suggested is that different NE terminals bring about changes in sleep and Yb, which may be mediated through c adrenergic receptors. Moreover, the destruction of the noradrenergic afferents of the mPOA has been reported to cause an increase in W (Kumar et al., 1993) .
We can conclude that the activation of adrenergic receptors of the mPOA brought about a fall in Tb. Changes in S-W were viewed in the light of hypothermia, which occurred simultaneously. Although the results of the present study helped to dispel the notion about the involvement of adrenergic receptors in arousal, they did not strongly support its role in hypnogenesis.
